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Description

[0001] The presentinvention relatestoanenergy man-
agement system and method for buildings. In particular,
it relates to energy management systems where de-
mand-side flexibility has been unlocked.

[0002] The energy sector is evolving into a model
where decarbonisation is one of the prime goals. This is
implemented mostly through an increase in electrification
and a higher presence of renewable energy sources.
[0003] This transformation of the energy sector brings
along at least two important issues. First, the increase of
renewable energies as sources of energy production in-
troduces an element of variability in the grid, which has
to be compensated for in order to keep the required
standards of reliability of the service. Second, the in-
creasing electrification can lead to increases in the power
demand, which again have to be mitigated in order for
the grid to avoid peak loads as much as possible.
[0004] The need for supply-side flexibility has been
long recognized and implemented, but it has to be sup-
ported more and more with demand-side flexibility. De-
mand-side flexibility is defined as the portion of the de-
mand that can either be modified (increased or de-
creased) or shifted. Demand-side flexibility measures
have been traditionally articulated through demand re-
sponse programs, which involve curtailments or load
shedding during peak load times.

[0005] Energy management systems on the demand
side, or demand-side energy management systems im-
plement information and communication technologies in
orderto monitoran energy system (e.g. a building), model
their different energy assets and optimize their energy
usage. Demand side energy management systems are
useful for managing the energy resources within demand
response programs, but they can also be used in a broad-
er sense.

[0006] The optimization process carried out by con-
ventional energy management systems takes into ac-
count the supply-side resources as well as the storage
assets of the energy system. Additionally, in most of the
cases, actions to be taken on the demand side are limited
to the curtailment or load shedding during peak demand
times.

[0007] Itis an object of the presentinvention to provide
an improved energy management system for buildings,
where the energy resources of the building are efficiently
used by involving the demand-side flexibility into the op-
timization process.

[0008] The object of the present invention can be
achieved by an energy management system having the
features of claim 1 and by an energy management meth-
od having the features as detailed in claim 14. Preferred
embodiments of the invention with advantageous fea-
tures are defined in the dependent claims.

[0009] A first aspect of the invention provides an en-
ergy management system for a building having power
consumption devices, power generation devices and
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power storage devices, said system comprising: a mon-
itoring unit, which is configured to acquire information
about power generated by the power generation devices,
about power consumed by the power consumption de-
vices and about the state of charge of the power storage
devices; a management unit, which is configured to de-
rive information about a flexibility of the power demand
of the power consumption devices deployed in the build-
ing based on the information acquired by the monitoring
unit; and an optimization unit, which is configured to op-
timize the power allocation of the power produced by the
power generation devices to the power consumption de-
vices and/or to the power storage devices depending on
the derived flexibility information of the power demand.
[0010] A building will be henceforth understood broad-
ly as an energy system, belonging either to the industrial,
commercial or residential sectors, that has an energy de-
mand and a number of resources or assets with which it
is able to generate and store energy.

[0011] The building contains a number of energy loads
that consume energy. The required energy can be sup-
plied to the building as electrical energy by a public or by
alocal power supply grid and/or can be provided through
heat pumps or combined heat and power (CHP) devices
and/or can come from onsite power generation (e.g. from
solar panels) at the site of the building and/or also from
a number of storage assets (e.g. batteries, thermal en-
ergy storages) deployed at the site of the respective build-
ing. Here andin the following, when itis referred to energy
generation, onsite energy generation as well as the en-
ergy supplied by the grid is considered.

[0012] The flexibility of the power demand, i.e. the de-
mand-side flexibility, may be defined as the admissible
increase or admissible decrease of the power demand
that can be performed, e.g. in a specific building through
the management of its loads or power-consuming devic-
es. For example, if a certain task or energy consuming
operation inside the building can be shifted to a later time,
this adds to the demand-side flexibility of the building.
Heating, ventilation and air conditioning (HVAC) systems
and air-handling units are examples of loads or power-
consuming systems which provide demand-side flexibil-
ity.

[0013] The monitoring unit used in the energy man-
agement system is an information and communication
technology device capable of acquiring data and deliv-
ering it for further processing. The monitoring unit can be
connected to a set of sensor units of different kinds, and
itis configured to acquire information ,i.e. data, aboutthe
consumption of the loads deployed at the site of the build-
ing, the state of charge (SoC) of the storage assets and
the amount of energy produced locally at the site of the
building (e.g. by a photovoltaic installation) or by the grid.
The monitoring unit may be realized in hardware and/or
software, cable-bound and/or wireless, and in any com-
bination thereof. It can comprise an interface to an in-
tranet or to the Internet, to a cloud computing service, to
a remote server and/or the like.
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[0014] The management unit and optimization unit as
used in the energy management system are broadly un-
derstood as entities able to process information. Each of
them may therefore contain, atleast, a central processing
unit, CPU, and/or at least one graphics processing unit,
GPU, and/or at least one field-programmable gate array,
FPGA, and/or at least one application-specific integrated
circuit, ASIC and/or any combination of the foregoing.
Each of them may further comprise a working memory
operatively connected to the at least one CPU and/or a
non-transitory memory operatively connected to the at
least one CPU and/or the working memory. Each of them
may be configured to implement software or applications
to execute programs. Each of them may be implemented
partially and/or completely in a local apparatus (e.g. a
cell phone or another portable user equipment) and/or
partially and/or completely in a remote system such as
a cloud computing platform. They may be realized in
hardware and/or software, cable-bound and/or wireless,
and in any combination thereof. Each of them may com-
prise an interface to an intranet or the Internet, to a cloud
computing service, to a remote server and/or the like.
[0015] A second aspect of the present invention pro-
vides a computer-implemented energy management
method for a building, comprising the following steps: (a)
acquiring information about the power generated by the
power generation devices, about the power consumed
by the power consumption devices and about the state
of charge of the power storage devices; (b) deriving,
based on the acquired information, information about a
flexibility of the power demand of the power consumption
devices deployed in the building; and (c) optimizing the
power allocation of the power produced by the power
generation devices to the power consumption devices
and/or to the power storage devices depending on the
derived flexibility information of the power demand.
[0016] In particular, the method according to the sec-
ond aspect of the invention may be carried out by the
system according to the first aspect of the invention. The
features and advantages disclosed herein in connection
with the energy management system are therefore also
disclosed for the method, and vice versa.

[0017] According to a third aspect, the invention pro-
vides a computer program product comprising executa-
ble program code configured to, when executed, perform
the method according to the second aspect of the present
invention.

[0018] According to a fourth aspect, the invention pro-
vides a non-transient computer-readable data storage
medium comprising executable program code config-
ured to, when executed, perform the method according
to the second aspect of the present invention.

[0019] The non-transient computer-readable data
storage medium may comprise, or consist of, any type
of computer memory, in particular semiconductor mem-
ory such as a solid-state memory. The data storage me-
dium may also comprise, or consist of, a CD, a DVD, a
Blu-Ray-Disc, an USB memory stick or the like.
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[0020] According to a fifth aspect, the invention pro-
vides a data stream comprising, or configured to gener-
ate, executable program code configured to, when exe-
cuted, perform the method according to the second as-
pect of the present invention.

[0021] One of the main ideas underlying the present
invention is to provide an energy management system
that incorporates demand-side flexibility into the energy
strategy planning of a building. Information about the
power generation, power consumption and state of
charge of the storage assets of the building is gathered
by a monitoring device through a number of sensors lo-
cated at different points in the building, i.e. within the
closed inner space of the building but also at other points
at the site of the building, e.g. at the roof of the building.
This information is processed by a management unit,
which is adapted to determine the demand-side flexibility
of the building at any point in time. An optimization unit
is adapted to use the demand-side flexibility to determine
an optimized use of the energy of the building by allocat-
ing the power produced by the power generation devices
to the power consumption devices and/or to the power
storage devices.

[0022] In other words, the optimization unit of the en-
ergy management system determines when to optimally
use the demand-side flexibility, e.g. in periods where the
onsite generation of energy is low, such as attimes where
cloudy skies are forecasted and generation of solar pow-
er by the local power generation devices of the building
is diminished.

[0023] The system as described above allows a simple
implementation of a computer-implemented energy man-
agement method. In a first step, information about the
power status of the building (power consumption, power
generation and state of charge SoC of the energy storage
devices) is collected. In a further step, this information is
processed to generate information about the demand-
side flexibility of the building over time. The information
about the demand-side flexibility is then subsequently
used to find an optimal allocation of the energy resources
of the building.

[0024] An advantage of the present invention is that it
determines and exploits the demand-side flexibility of a
building to generate an optimized use of the energy as-
sets of the building. This leads in particular to a more
efficient energy management of the building, without nei-
ther interfering with the normal operations of the building
nor generating discomfort for its occupants.

[0025] Another advantage of the present invention is
that, by unfolding and using the demand-side flexibility,
ahigh level of renewable energy resources in the building
can be allocated, with the corresponding benefits to-
wards decarbonization.

[0026] A further advantage of the present invention is
that the energy management system gets updated with
a high frequency, which on the one hand leads to a re-
duction of peak loads, and on the other hand helps coun-
ter the effects of unexpected events, e.g. sudden chang-
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es in the energy supply from the power supply grid or
sudden changes in the meteorological conditions in the
local environment of the building.

[0027] Advantageous embodiments and further devel-
opments follow from the dependent claims as well as
from the description of the different preferred embodi-
ments illustrated in the accompanying figures.

[0028] According to some of the embodiments, refine-
ments, or variants of embodiments, the optimization unit
of the energy management system is further configured
to send request signals to the management unit, wherein
the request signals are based on the optimized power
allocation. In other words, the management unit of the
energy management system can process the information
generated by the optimization unit and can form signals
provided to request changes in the energy settings of the
building. In some of the preferred embodiments, the en-
ergy settings of the building can be modified periodically,
e.g. every minute, which increases the resilience of the
energy management system of the invention against un-
expected and sudden changes.

[0029] According to some of the embodiments, refine-
ments, or variants of embodiments, the management unit
of the energy management system further comprises a
load controlling subunit, configured to release an actua-
tion signal based on a received request signal to a set of
actuators deployed at the site of the building.

[0030] A load controlling subunit is to be understood
as any device or collection of devices able to release
signals to a set of actuators, in order for them to perform
an operation or mechanical function adapted to change
the energetic configuration of the building according to
the request signal. For instance, a set of actuators may
comprise different mechanisms that activate air-condi-
tioning valves, or electric roller shutters.

[0031] According to some of the embodiments, refine-
ments, or variants of embodiments, the management unit
of the energy management system is further configured
to implement a default operation mode, which is defined
by a set of predetermined values of power consumption
and power generation of the building. These values can
be taken from past records of the building energy man-
agement or be simply some prescribed values.

[0032] According to some of the embodiments, refine-
ments, or variants of embodiments, the management unit
of the energy management system is further adapted to
seta minimum waiting time, during which the optimization
unit does not send requests signals and the energy man-
agement system runs under the default operation mode.
[0033] The use of the demand-side flexibility can only
be done for a limited period of time. A minimum waiting
time before the flexibility can be used anew is therefore
needed. This minimum waiting time can be set manually
by a user through a user interface. The minimum waiting
time can be set to a default value or be changed, for
instance by filling a query command prompted by the
management unit in the user interface. The minimum
waiting time may also be automatically set by the system
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based on the time that it takes to bring the entire building
back to default operation mode.

[0034] According to some of the embodiments, refine-
ments, or variants of embodiments, the management unit
of the energy management system is further adapted to
set a maximum flexibility use time for the optimization
unit to operate without interruption. This maximum flex-
ibility use time limits the cyclic operation of the optimiza-
tion unit. If the maximum flexibility use time is set to zero,
the optimization unitis effectively switched off. This max-
imum flexibility use time, just like the minimum waiting
time mentioned above, can be set by a user and modified
anytime, e.g. through a query command prompted by the
management unit in the user interface. Alternatively, the
maximum flexibility use time may be automatically set by
the system.

[0035] The requestsignals cantherefore be distributed
in cycles, which are constrained by a minimum waiting
time and by a maximum flexibility use time, which can be
both modified by a user or set automatically by the sys-
tem.

[0036] According to some of the embodiments, refine-
ments, or variants of embodiments, the management unit
of the energy management system is further configured
to switch to the default operation mode, when the maxi-
mum flexibility use time of operation of the optimization
unit has expired. This automatic transition to the default
operation mode has the advantage that the demand-side
flexibility starts getting automatically regenerated right
after the optimization unitofthe energy management sys-
tem has completed a cycle of operation.

[0037] According to some of the embodiments, refine-
ments, or variants of embodiments, the optimization unit
of the energy management system is adapted to imple-
ment an energy data model of the building and an opti-
mization algorithm, wherein the data model is adapted
to use forecasts of the power generation and forecasts
of the power demand of the building as well as the ac-
quired data as input.

[0038] The energy data model ofthe building takes into
account the different energy resources of the building
(energy storage assets and energy generation assets)
as well as the power demand, which is evaluated for all
the energy loads. The optimization proceeds by using
the present power configuration of the building and pro-
jecting it onto the future on the basis of the forecasts,
wherein the projections can be based e.g. on a past ev-
olution of the power configuration of the building over
time.

[0039] According to some of the embodiments, refine-
ments, or variants of embodiments, the optimization al-
gorithm is further configured to use as input information
at least a weather forecast and/or an information about
the power supplied by a power supply grid providing elec-
trical energy to the building.

[0040] The weather forecast is an important input to
predict a future performance of the renewable energy
assets (e.g. solar panels and wind power units) of the
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respective building. An information about the power sup-
plied by the grid can refer, e.g., to possible reductions of
the supplied power, such as the ones implemented in
some demand response programs. It may also indicate
the supply-side flexibility coming from the grid.

[0041] According to some of the embodiments, refine-
ments, or variants of embodiments, the optimization unit
of the energy management system further comprises a
database unit, which is configured to store a base load
time series of the building, and wherein the optimization
algorithm is further configured to retrieve the base load
time series and use it as input.

[0042] The base load indicates the minimum level of
power demand required to operate the building over 24
hours and forms a useful reference for load forecasting.
The base load takes into account e.g. continuous loads
like servers deployed at the site of the building or heat-
ing/cooling devices provided to keep a comfort temper-
ature in the building. In other words, the base load of the
building indicates the power consumption of all non-
steerable loads at the site of the building. The base load
time series is computed, e.g. by the optimization unit, by
taking the measured base load time series and subtract-
ing from it the used flexibility. Both the measured base
load time series and the used flexibility are determined
by the management unit. With this subtraction, the base
load time series (without any flexibility action) can be de-
rived.

[0043] According to some of the embodiments, refine-
ments, or variants of embodiments, the management unit
and/or the optimization unit of the energy management
system are implemented in a server or as part of a cloud
platform. In huge buildings, where the energy manage-
ment is complex, it is advantageous to have the informa-
tion as decentralized and as available as possible. Par-
ticularly in huge buildings, different individuals might be
responsible for different aspects of the energy manage-
ment and they should have simultaneous access to the
information provided by the energy management system
of the invention.

[0044] According to some of the embodiments, refine-
ments, or variants of embodiments, the optimization unit
of the energy management system is further configured
to request the derived information about the flexibility of
the power demand no more often than every 10 seconds,
preferably every 5 seconds. The optimized power con-
figuration can thereby be updated almost in real-time.
[0045] According to some of the embodiments, refine-
ments, or variants of embodiments, the flexibility of the
power demand is communicated to the optimization unit
ofthe energy management system in an aggregated way,
and the optimization unitis adapted to model the flexibility
of the power demand as a virtual battery.

[0046] By communicating the demand-side flexibility
as a total value that aggregates the demand-side flexi-
bility of all loads in the building saves a lot of computa-
tional effort to the optimization unit. As a consequence,
it is not necessary for the optimization unit to integrate
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information about all the individual demand-side assets.
Instead, the demand-side flexibility of the building as a
whole is modelled as a virtual power storage unit, with a
capacity given by the demand-side flexibility integrated
overthe maximum time of use of the flexibility. This virtual
battery, much as a real battery, can be charged and dis-
charged, and it is easy to implement into the optimization
algorithm.

[0047] Although here, in the foregoing and also in the
following, some functions are described as being per-
formed by units, it shall be understood that this does not
necessarily mean that such units are provided as entities
separate from one another. In cases where one or more
units are provided as software, the units may be imple-
mented by program code sections or program code snip-
pets, which may be distinct from one another but which
may also be interwoven or integrated into one another.
[0048] Similarly, in cases where one or more units are
provided as hardware, the functions of one or more units
may be provided by one and the same hardware com-
ponent, or the functions of several units may be distrib-
uted over several hardware components, which need not
necessarily correspond to the units. Thus, any device,
system or method which exhibits all of the features and
functions ascribed to a specific unit shall be understood
to comprise, or implement, said unit. In particular, it is a
possibility that all units are implemented by program code
executed by the computing device, for example by a serv-
er or by a cloud computing platform.

[0049] The above embodiments and implementations
can be combined with each other as desired, as far as
this is reasonable.

[0050] Further scope of the applicability of the present
method and system will become apparent from the fol-
lowing figures, detailed description and claims. However,
it should be understood that the detailed description and
specific examples, while indicating preferred embodi-
ments of the invention, are given by way of illustration
only, since various changes and modifications within the
spirit and scope of the invention will become apparent to
those skilled in the art.

[0051] Aspects of the present disclosure will be better
understood with reference to the following figures.
[0052] In the figures:

Fig. 1 is a schematic depiction of an energy man-
agement system for a building according to an em-
bodiment of the present invention;

Fig. 2 is a schematic representation of the flexibility
of the power demand and the flexibility of the power
generation;

Fig. 3 is a block diagram showing an exemplary em-
bodiment of a computer-implemented energy man-
agement system method (M) according to the
present invention;
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Fig. 4 is an exemplary illustration of the basic prin-
ciple of the present invention on a plot showing the
evolution of the power consumption charge (PCC)
of a building with time;

Fig. 5 shows a description of the features of the man-
agement unit and the optimization unit according to
an embodiment of the present invention;

Fig. 6 shows a possible data point of the manage-
ment unit in an end-user interface according to an
embodiment of the present invention;

Fig. 7 is a table showing one exemplary illustration
of the interaction between the management unit and
the optimization unit upon the generation of a set of
request signals according to an embodiment of the
present invention;

Fig. 8 is a table showing another exemplary illustra-
tion of the interaction between the management unit
and the optimization unit upon the generation of an-
other set of request signals according to an embod-
iment of the present invention;

Fig.9is a schematicblock diagramillustratinga com-
puter program product according to an embodiment
of the third aspect of the present invention; and

Fig. 10 is a schematic block diagram illustrating a
non-transitory computer-readable data storage me-
dium according to an embodiment of the fourth as-
pect of the present invention.

[0053] Parts in the different figures that correspond to
the same elements have been tagged with the same ref-
erence numerals.

[0054] The components illustrated in the figures are
not necessarily to scale, emphasis being placed instead
upon clearly illustrating the principles of the present dis-
closure. Likewise, certain components can be shown in
generalized or schematic form in the interest of clarity
and conciseness. In some instances, well-known struc-
tures and devices are shown in block diagram form in
order to avoid obscuring the concepts of the present in-
vention.

[0055] The numeration of the steps in the methods are
meant to ease their description. They do not necessarily
imply a certain ordering of the steps. In particular, several
steps may be performed concurrently.

[0056] The detailed description includes specific de-
tails for the purpose of providing a thorough understand-
ing of the present invention. However, it will be apparent
to those skilled in the art that the present invention may
be practised without these specific details.

[0057] Fig. 1 shows a schematic illustration of an en-
ergy management system 100 for a building B according
to an embodiment of the present invention. The system
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100 comprises a monitoring unit 10, a management unit
20, and an optimization unit 30.

[0058] The monitoring unit 10 of the energy manage-
ment system 100 is an information and communication
technology device capable of acquiring data and deliv-
ering it for further processing. It is configured to acquire
information about the power generated by power gener-
ation devices G, about the power consumed by the power
consumption devices L (loads) and about the state of
charge SoC of power storage devices A. This information
is gathered from a set of sensors s1-s3 (e.g. temperature
sensors) installed in the building B.

[0059] The management unit 20 of the energy man-
agement system 100 is an entity able to process infor-
mation, in particular the information acquired by the mon-
itoring unit 10. The management unit 20 is configured to
derive information about a flexibility of the power demand
(or demand-side flexibility) of the power consumption de-
vices L deployed in the building B.

[0060] The optimization unit 30 of the energy manage-
ment system 100 is an entity able to process information,
which is configured to optimize the power allocation of
the power produced by the power generation devices G
to the power consumption devices L and/or to the power
storage devices A. This power allocation depends on the
demand-side flexibility available at the building B at any
point in time.

[0061] In some embodiments, the optimization unit 30
is configured to implement an energy data model of the
building together with an optimization algorithm. The al-
gorithm incorporates a cost function, which is set to min-
imize a number of parameters (rather prominently CO2
production). The algorithm uses, among others, the in-
formation gathered by the monitoring unit 10, the base
load ofthe building B, the demand-side flexibility, weather
forecasts W, and information about the power supplied
by the grid. An information about the power supplied by
the grid can refer, e.g., to possible reductions of the pow-
er, such as the ones implemented in some demand re-
sponse programs. It may also indicate the supply-side
flexibility coming from the grid.

[0062] With all this information or data about the
present status and future projection of the power con-
sumption, power generation and state of charge SoC of
the storage assets, the algorithm suggests a power con-
figuration for the building B to match the solution that
minimizes the cost function.

[0063] In some embodiments of the invention, the op-
timization unit 30 of the energy management system 100
further comprises a database unit 65, which is configured
to store a historical time series of the base loads of the
building B. In these embodiments, this information is also
used by the algorithm in order to generate the optimal
power configuration for the building B.

[0064] The optimal power configuration for the building
B is communicated by the optimization unit 30 to the man-
agement unit 20 through request signals. In some em-
bodiments, the management unit 20 is further configured
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to comprise a load controlling subunit 40, which is a de-
vice or a collection of devices configured to release an
actuation signal S based on the request signal to a set
of actuators (not shown in the figure) deployed in the
building B. These actuators are devices or mechanisms
able to perform mechanical work on the power consump-
tion devices L and/or the power storage devices A. For
instance, a set of actuators may be responsible for in-
creasing the power of a heat pump, or activating electric
roller shutters.

[0065] Fig. 2 shows a schematic representation of the
flexibility of the power demand and the flexibility of the
power generation. The horizontal bar 73 on the left panel
shows the power consumption of an energy consumer,
e.g. of a power consumption device L of the building B,
at a moment in time. This quantity may be determined
by a sensor and communicated to the monitoring unit 10.
[0066] The power band 71 shows an amount of power
consumption that could be reduced by the power con-
sumption device L. This amount is limited by the power
band 72, which indicates the base load or continuous
load of the power consumption device L. In other words,
the power band 71 can be determined as the difference
between the current power consumption 73 and the base
load of the power consumption device L.

[0067] The power band 70 shows the possible power
consumption increase of the power consumption device
L. This can be determined by knowing the maximum pow-
er that the power consumption device L can consume.
The aggregation of the power bands 70 and 71 defines
the demand-side flexibility of the power consumption de-
vice L, which is derived by the management unit 20.
[0068] The horizontal bar 83 on the right panel shows
the power produced by an energy producer, e.g. of a
power generation device G at a moment in time. This
quantity may be determined by a sensor and communi-
cated to the monitoring unit 10.

[0069] The power band 80 shows by how much the
power generation of the power generation device G could
diminish. The power band 80 is limited by the power band
82, which indicates the minimum power production of the
power generation device G. The power band 80 can
therefore be determined as the difference between the
measured current power production 83 and the minimal
performance of the power generation device G.

[0070] The power band 81 shows the possible power
generation increase of the power generation device G.
This is determined by the difference between the current
power generation and the maximum performance of the
power generation device G. The aggregation of the pow-
er bands 80 and 81 defines the supply-side flexibility of
the power generation device G.

[0071] Fig. 3is ablock diagram showing an exemplary
embodiment of a computer-implemented energy man-
agement system method M according to the present in-
vention, to be applied preferably with the energy man-
agement system 100 described in Fig. 1.

[0072] A first step M1 comprises acquiring information
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about the power generated by the power generation de-
vices G, about the power consumed by the power con-
sumption devices L and about the state of charge of the
power storage devices A of a building B.

[0073] Inasecondstep M2, the demand-side flexibility
of the power consumption devices L deployed in the
building B is derived, based on the information acquired
in step M1.

[0074] In a further third step M3, the power allocation
of the power produced by the power generation devices
G is optimized, based on the demand-side flexibility of
the building B. This optimization splits the power gener-
ation produced by the power generation devices G into
a portion to be used, i.e consumed, by the power con-
sumption devices L and another portion to be used, i.e.
stored, by the power storage devices A.

[0075] In a further fourth step M4, an actuation signal
Sis released to a set of actuators in the building B, which
can modify the power configuration of the building B ac-
cording to the optimized power allocation.

[0076] Fig. 4 is an exemplary illustration of the basic
principle of the present invention on a plot showing the
evolution of the power consumption charge (PCC) of the
building B as a function of time.

[0077] The point90 showsthe PCC ata particulartime,
where the PCC can be acquired by the monitoring unit
10 of the energy management system 100. At that time,
the demand-side flexibility is determined by the band
stretching between a maximum flexibility 91 and a mini-
mum flexibility 92. This power band is determined by the
management unit 20 by aggregating the demand-side
flexibility of the different power consumption devices L
of the building B.

[0078] The region 540 corresponds to a time of low
CO2 emission, which can be forecasted or simply meas-
ured. Theregion 520 corresponds instead to a time TCO2
during which the CO2 emission is high.

[0079] The curve P1 describes a possible profile for
the power consumption of the building B when demand-
side flexibility is not taken into account. This curve cor-
responds to a state-of-the-art solution. The dashed line
95 shows a power peak load. When the power consump-
tion reaches the power peak load 95, a state-of-the-art
energy management system is configured to reduce the
power consumption of the building, e.g. by switching off
some loads.

[0080] The curve P2 describes instead a possible en-
ergy configuration according to the present invention,
where demand-side flexibility is taken into account. The
curve P2 is the result of an optimized power allocation
over time produced by the optimization unit 30 and im-
plemented by the management unit 20 via the load con-
trolling subunit 40.

[0081] Within the region 520, in which there are high
levels of CO2 emission and the power consumption is
approaching a peak load 95, the optimization unit 30 gen-
erates an optimized solution which involves the demand-
side flexibility of the building B. Accordingly, the power
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consumption coming from the grid gets reduced, avoiding
the peak load 95 without having to shut down some of
the power consumption devices L of the building B.
[0082] The optimization unit 30 models the demand-
side flexibility of the building B as a virtual battery. The
region 620 shows the capacity of the virtual battery of
the building B used during the time Tmax. The time Tmax
corresponds to the maximum time of use of the demand-
side flexibility without interruption in a discharge cycle of
the virtual battery and it can be set by a user, e.g. as a
field in an interface connected to the management unit
20. It can also be set automatically by the system 100.
[0083] When Tmax has expired, the management unit
20 of the energy management system automatically
switches to a default operation mode, where the power
consumption coming from the grid is increased (but stays
below the peak load) and is partly used to recharge the
virtual battery. This corresponds to the region 640, which
indicates the capacity acquired by the virtual battery in
the time region 540. In this time region 540 the levels of
CO2 emissions are low. Therefore, the use of the de-
mand-side flexibility optimizes the use of energy from the
grid during times of high levels of CO2 emission.
[0084] The operation of the optimization unit 30 can be
restarted after a minimum waiting time Tmin, which can
be set by a user through an interface connected to the
management unit 20 or set automatically by the system
100 based e.g. on the time required to bring the entire
building B to the default operation mode. In Fig. 4, Tmin
is actually longer than the time needed to recharge the
virtual battery. After Tmin is over, the demand-side flex-
ibility can be used again according to the optimized power
allocations produced by the optimization unit 30.

[0085] Fig. 5 shows a description of the features of the
management unit 20 and the optimization unit 30 accord-
ing to an embodiment of the presentinvention. The man-
agement unit 20 is configured to acquire information
about the maximum and the minimum flexibility (see e.g.
points 91 and 92 of Fig. 4). Together with the measured
power consumption, the demand-side flexibility and the
utilized flexibility can be determined. This information is
transferred to the optimization unit 30, which models the
demand-side flexibility as a virtual battery to be used to
determine the optimized power allocation. The virtual bat-
tery has the maximum positive flexibility 91 as its maxi-
mum charge and the maximum negative flexibility 92 as
its maximum discharge. The capacity is then the sum of
the maximum positive flexibility 91 and the maximum
negative flexibility 92 multiplied by the maximum flexibility
use time Tmax. According to some embodiments of the
invention, the optimization unit 30 is further configured
to send periodic requests of the available flexibility to the
management unit 20.

[0086] The management unit 20 is also configured to
store information about a maximum flexibility use time
(Tmax in Fig. 4), i.e. the maximum time the optimization
unit 30 can operate without interruption, and a minimum
waiting time (Tminin Fig. 4), i.e. the minimum time where
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the demand-side flexibility is not used and the system
100 runs under the default operation mode (described
also as automatic mode or normal operation in the fig-
ures).

[0087] The management unit 20 may also provide in-
formation about the status of the optimization unit 30,
tagged as "idle", "demand requested" or "demand
blocked". "Idle" indicates no activity of the optimization
unit 30, "demand requested" indicates that the optimiza-
tion unit 30 is sending a request signal based on an op-
timized power allocation, while "demand blocked" goes
back to the default operation mode. The management
unit can also show information about the time when the
status was changed for the last time, the time left until
the maximum flexibility use time Tmax expires (during
periods of demand requests) and the time left until the
optimization unit 30 can be used again (during "demand
blocked" status).

[0088] The monitoring unit 10, the management unit
20 and the optimization unit 30 are interconnected with
each other and can exchange signals. In order to modify
the power configuration of the building B, the manage-
ment unit 20, through e.g. the load controlling subunit 40,
is adapted to send actuation signals S.

[0089] Fig. 6 shows a possible data point of the man-
agement unit 20 in an end-user interface according to an
embodiment of the present invention. The different fields
on the left-hand side correspond to the features de-
scribed in Fig. 5. The total power is the power consump-
tion charge, while the reference power is the power of
those assets that can be used for flexibility. The allocated
down and up power refer to the flexibility used by the
system 100 (see e.g. the energy consumer drawing in
Fig. 2). Both values are defined as positive. In the data
point of Fig. 6 there is no allocated down power and 500
kW of allocated up power, which indicates a reduction of
the consumption. Flex Down power and the Flex Up pow-
er correspond to the points 91 and 92 of Fig. 4, respec-
tively. Their difference is the demand-side flexibility.
[0090] Fig. 6 shows a data point with a "demand re-
quest" status (noted as BEOS status). The status was
changed for the lasttime at 11:07:40. Since the maximum
flexibility use time Tmax and the minimum recovery time
(or minimum waiting time Tmin) are set to 1 minute, the
end of the operation time of the optimization unit 30 is at
11:08:40.

[0091] The demand request is summarized in the de-
mand setpoint, which in this example is set at -500 kW.
The heartbeat options allow to control the activity of the
signal exchange between the management unit 20 and
the optimization unit 30. In the example of Fig. 6, this
option was disabled.

[0092] Fig. 7 is a table showing one exemplary illus-
tration of the interaction between the management unit
(20and the optimization unit 30 upon the generation of a
set of request signals according to an embodiment of the
presentinvention. The columns noted as T1-T8 show the
power configuration of the system 100 at intervals sep-
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arated by 1 minute. The maximum flexibility use time
Tmax s set at 1 hour and the minimum waiting time Tmin
(or minimum recovery time) at 2 hours. In this example,
the optimization unit 30 sends a number of requests to
decrease the power consumption charge (PCC) of the
building.

[0093] Attime T1, the system has a power consump-
tion charge (PCC), e.g. from the grid, which is setat 1000
kW. The demand-side flexibility shows a Flex Down Pow-
er of 100 kW and a Flex Up Power of 50 kW. There are
no allocated powers at this time and the status of the
optimization unit 30 is idle.

[0094] Attime T2, the optimization unit 30 sends a re-
quest signal to reduce the PCC by 25 kW.

[0095] At time T3, the status is changed to "demand
request" and an (up) power of 25 kW is allocated. Cor-
respondingly, the PCC decreases from 1000 kW to 975
kW, the Flex Down Power increases by 25 kW and the
Flex Up Power decreases by 25 kW. The time T3 is noted
as the time of the last change of status and the end of
the flexibility time is set 1 hour later than T3.

[0096] Attime T4, the optimization unit 30 sends a re-
quest signal to reduce the PCC by 20 kW.

[0097] This request signal is processed at time T5 by
the management unit 20. Accordingly, the PCC is set at
980 kW, i.e. the 20 kW are not cumulative but refer to
the initial configuration with a PCC of 1000 kW. A 20 kW
(up) power is allocated and the Flex Down and Flex Up
powers are set at 120 kW and 30 kW, respectively, to
account for this change.

[0098] Attime T6, there is a demand request to restore
the initial power configuration present at T1.

[0099] At time T7, this demand is executed and the
status changed to "request blocked". The flexibility end
time is set to the time T7 and the recovery end time 8
minutes afterwards. At time T8, the power configuration
is that of the system 100 at T7.

[0100] Fig. 8 is a table showing another exemplary il-
lustration of the interaction between the management
unit 20 and the optimization unit 30 upon the generation
of another set of request signals according to an embod-
iment of the present invention. In this case, the optimi-
zation unit 30 requests to increase the PCC and then
decrease it. Fig. 8 shows the power configuration of the
system 100 at times T9-T16, taken at intervals of 1
minute. The maximum flexibility use time Tmax is set at
1 hour and the minimum waiting time Tmin (or minimum
recovery time) at 2 hours. The rest of the initial (at time
T9) power configurations are the same as in Fig. 7.
[0101] At time T10, the optimization unit 30 requests
to increase the PCC by 25 kW. Attime T11, the manage-
ment unit 20 allocates the power change, namely the
allocated (down) power is set to 25 kW, the Flex Down
and Flex Up powers both to 75 kW, and the PCC is in-
creased to 1025 kW. The flexibility end time is set at 1
hour after T11 and the status of the system 100 is set at
"demand request".

[0102] At time T12, the optimization unit 30 requests
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toincrease the PCC by 20 kW. Attime T13, the manage-
ment unit 20 allocates the power change, namely the
allocated (down) power is set to 20 kW, the Flex Down
and Flex Up powers to 80 kW and 70 kW, respectively,
and the PCC is increased to 1020 kW. The status of the
system 100 is kept at "demand request".

[0103] At time T14, the optimization unit 30 requests
to decrease the PCC by 10 kW. At time T15, the man-
agement unit 20 allocates the power change, namely the
allocated (up) power is set to 10 kW, the Flex Down and
Flex Up powers to 110 kW and 40 kW, respectively, and
the PCCis decreased to 990 kW. The status of the system
100 is kept at "demand request".

[0104] Attime T15, there is also a demand request to
restore the initial power configuration present at time T9.
At time T16, the demand is executed and the status
changed to "request blocked". The flexibility end time is
set to the time T16 and the recovery end time 10 minutes
afterwards.

[0105] Fig. 9 shows a schematic block diagram illus-
trating a computer program product 300 according to an
embodiment of the third aspect of the present invention.
The computer program product 300 comprises executa-
ble program code 350 configured to, when executed, per-
form the method M according to any embodiment of the
second aspect of the present invention, in particular as
it has been described with respect to the preceding fig-
ures.

[0106] Fig. 10 shows a schematic block diagram illus-
trating a non-transitory computer-readable data storage
medium 400 according to an embodiment of the fourth
aspect of the present invention. The data storage medi-
um 400 comprises executable program code 450 config-
ured to, when executed, perform the method M according
to any embodiment of the second aspect of the present
invention, in particular as it has been described with re-
spect to the preceding figures.

[0107] The non-transient computer-readable data
storage medium may comprise, or consist of, any type
of computer memory, in particular semiconductor mem-
ory such as a solid-state memory. The data storage me-
dium may also comprise, or consist of, a CD, a DVD, a
Blu-Ray-Disc, an USB memory stick or the like.

[0108] The previous description of the disclosed em-
bodiments are merely examples of possible implemen-
tations, which are provided to enable any person skilled
in the art to make or use the present invention. Various
variations and modifications of these embodiments will
be readily apparent to those skilled in the art, and the
generic principles defined herein may be applied to other
embodiments without departing from the spirit or scope
of the present disclosure. Thus, the present invention is
not intended to be limited to the embodiments shown
herein butitis to be accorded the widest scope consistent
with the principles and novel features disclosed herein.
Therefore, the present invention is not to be limited ex-
cept in accordance with the following claims.
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List of Reference Signs

[0109]

10 Monitoring unit

20 Management unit

30 Optimization unit

40 Load controlling subunit

65 Database unit

70-72 Power band

73 Power consumption

80-82 Power band

83 Power production

20 Power consumption

91 Maximum flexibility

92 Minimum flexibility

95 Power peak load

100 Energy management system

300 Computer program product

350 Executable program code

400 Non-transient computer-readable data stor-
age medium

450 Executable program code

520 Time region of high CO2 emissions

540 Time region of low CO2 emissions

620 Capacity used by the virtual battery

640 Capacity acquired by the virtual battery

A Power storage devices

B Building

G Power generation devices

L Power consumption devices

M Energy management method

M1-M4  Method steps

P1-P2 Power consumption profiles

S Actuation signal

s1-s3 Sensors

TCO2 Time of high CO2 emissions

Tmax Maximum flexibility use time

Tmin Minimum waiting time

T1-T16  Time points

w Weather forecast

Claims

1.  An energy management system (100) for a building

(B) having power consumption devices (L), power
generation devices (G) and power storage devices
(A), said system (100) comprising:

a monitoring unit (10), which is configured to ac-
quire information about the power generated by
the power generation devices (G), about the
power consumed by the power consumption de-
vices (L) and about the state of charge of the
power storage devices (A);

a management unit (20), which is configured to
derive information about a flexibility of the power
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10

demand of the power consumption devices (L)
deployed in the building (B) based on the infor-
mation acquired by the monitoring unit (10); and
an optimization unit (30), which is configured to
optimize the power allocation of the power pro-
duced by the power generation devices (G) to
the power consumption devices (L) and/or to the
power storage devices (A) depending on the de-
rived flexibility information of the power demand.

The system (100) according to claim 1, wherein the
optimization unit (30) is further configured to send
request signals to the management unit (20), where-
in the request signals are based on the optimized
power allocation.

The system (100) according to claim 2, wherein the
management unit (20) further comprises aload con-
trolling subunit (40), configured to release an actu-
ation signal (S) based on a received request signal
to a set of actuators deployed at the site of the build-

ing (B).

The system (100) according to any of the previous
claims, wherein the management unit (20) is further
configured to implement a default operation mode,
which is defined by a set of predetermined values of
power consumption and power generation of the
building (B).

The system (100) according to claims 1 to 4, wherein
the management unit (20) is further adapted to set
a minimum waiting time (Tmin), during which the op-
timization unit (30) does not send request signals
and the energy management system (100) runs un-
der the default operation mode.

The system (100) according to any of the previous
claims, wherein the management unit (20) is further
adapted to set a maximum flexibility use time (Tmax)
for the optimization unit (30) to operate without in-
terruption.

The system (100) according to claims 1 to 6, wherein
the management unit (20) is further configured to
switch to the default operation mode, when the max-
imum flexibility use time (Tmax) of operation of the
optimization unit (30) has expired.

The system (100) according to any of the previous
claims, wherein the optimization unit (30) is adapted
to implement an energy data model of the building
(B) and an optimization algorithm, wherein the data
model is adapted to use forecasts of the power gen-
eration and forecasts of the power demand of the
building (B) as well as the acquired data as input.

The system (100) according to claim 8, wherein the
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optimization algorithm is further configured to use as
input information at least a weather forecast (W)
and/or an information about the power supplied by
apower supply grid providing electrical energy to the
building.

The system (100) according to claim 8, wherein the
optimization unit (30) further comprises a database
unit (65), which is configured to store a base load
time series of the building, and wherein the optimi-
zation algorithm is further configured to retrieve the
base load time series and use it as input.

The system (100) according to any of the previous
claims, wherein the management unit (20) and/or
the optimization unit(30) areimplemented in aserver
or as part of a cloud platform.

The system (100) according to any of the previous
claims, wherein the optimization unit (30) is further
configured to request the derived information about
the flexibility of the power demand no more often
than every 10 seconds, preferably every 5 seconds.

The system (100) according to any of the previous
claims, wherein the flexibility of the power demand
is communicated to the optimization unit (30) in an
aggregated way, and wherein the optimization unit
(30) is adapted to model the flexibility of the power
demand as a virtual battery.

A computer-implemented energy management
method (M) for a building (B), preferably to be im-
plemented with the energy management system
(100) according to claims 1 to 13, comprising the
following steps:

acquiring (M1) information about the power gen-
erated by the power generation devices (G),
about the power consumed by the power con-
sumption devices (L) and about the state of
charge of the power storage devices (A);
deriving (M2), based on the acquired informa-
tion, information about a flexibility of the power
demand of the power consumption devices (L)
deployed in the building; and

optimizing (M3) the power allocation of the pow-
er produced by the power generation devices
(G) to the power consumption devices (L) and/or
to the power storage devices (A) depending on
the derived flexibility information of the power
demand.

A computer program product (300) comprising exe-
cutable program code (350), which is configured,
when executed, to perform the computer-implement-
ed method (M) according to claim 14.
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16. A non-transient computer-readable data storage

medium (400) comprising executable program code
(450), which is configured, when executed, to per-
form the computer-implemented method (M) accord-
ing to claim 14.



EP 4 340 154 A1

FIG 1

+ A

12



FIG 2

EP 4 340 154 A1

70
Energy Consumer
—7
i | Flexdown | i Consume more
Flexband |  a——73
, Flexup. éConsume less
1 X
Non I < T
! /1
changeable! | 72
¥

FIG 3

8@9@ Producer
HR i
Produce more: | Flexup |1
83—  Flexband
Produce Iess; Flex down '
/ '
80/, ? :  Non
82 | ichangeable
v
M




EP 4 340 154 A1

FIG 4
P 540 520 95 540
4 \ \ ) \
\ \ \
N~ 0 P2 620 640
""""" ¢ . o = """""""".'7_""""" P1
= ’@%
90"

¥

14

Sy )
Tmax Tmin
TC02




EP 4 340 154 A1

[l (-o+) 1sanbai Anjiaixald -

(Aniqixaj) aanebau “xew
+ Aj1qixa) aAnsod “xew) x
[y] awn asn Ayjiqixa)) “xew :Ajioedes .
[l Alligixaly
anlebau xep :abIeyasip Xep -
(1] Aujigixayy aanisod ey :abieyd xep -

'SMO||0} Se paziyawreled SI Aid)eq (jenliIA)

(PaliB)S Sey J1 aJaym
‘Spiemialle 90S %06 D3 01 yoeq suinjas pue)
3L asn Ajl|1qixal} "Xew 3y 1o} a|qieAe S| Jeu)
|apowu uoneziLndo 1509 ul A1dyeq (jenpia)

(,,p320|q puewa(,, Bulnp)
paysiul S A19A099) usym Juiod swi| .

(,,pa159nbas puewa(,, Bulnp)
2JowWAUR 3|qejieAR jou SI AYljIqixa|) usyum juiod awi| .
aw) 1se| pabueya sem Bej) sneis uaym yuiod awi|
pax20|q puewa( | pajsanbai puewsa( | ajp| :Bey snels
(uonenp asn Ayjiqixaly buaaya)

[ul Auniaixaly ou yym awn uIN -

[u] awn asn Apigixal) xey -
(1asn Aq painbijuoa “6-a)
(-10+) Aunaixayy pazinn -

[Aw] awip un yujod siy Je
(osealdap puewsap) A)1|i1qixal) aAnebau xep .

0c  SeAuuaixoy opis puewap

/

[AMi] dwi ut juiod siy} Je
(aseasoun puewap) Ayljiqixa|) aanisod xepy .

,,uonesado [ewuou,, 0} ¥oeq 1ab 0
,,apow Jnewolne,, o) apis puewap Bumas Aq
,AI13}eq [enjiA,, 3u} Jo Buibrey)-

., AIoyleq jenpiA, e
10 BuiBJeyasig-

0¢

L

ﬁ

umop pajeas AjjeuonJodoid asimiayio ‘, pasn,, Ajaja|dwod sem awl) asn A)1jigixa)) "Xew uaym - [y] (awn A1aA02a1) A)I|1QIXa]) OU Ly W) Ul -

[u] awm asn Aypiaixal) xey -

uonenBiyuon m mu_ n_

15



EP 4 340 154 A1

FIG 6

Summary Status

Energy Management Status

Alarm Suppression Disabled
Total Power 4,729.56 kW
Reference Power 1,982.33 kW
Allocated Down Power 0.00 kW
Allocated Up Power 500.00 kw
Flex Down Power 1,005.29 kW
Flex Up Power 1,827.71 kW

BEOS Status Demand requested
Last Status Change 6/2/2022 11:07:40 AM
Max Flex Duration 00:01:00

Min Recovery Duration 00:01:00

Flex End Time

6/2/2022 11:08:40 AM

Recovery End Time

6/2/2022 11:07:40 AM

N i | o e o o | S | S B s | S

Demand Setpoint -500.00 kW
Heartbeat to DEOP/BEOS 0

Heartbeat from DEOP/BEOS 0

Heartbeat Check Disabled
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